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FIELD OF THE INVENTION 

[00011 This invention generally relates to stress- 

engineered metal films, and more particularly to photo 
lithographically patterned spring structures formed from 
stress-engineered metal films. 

BACKGROUND OF THE INVENTION 

[0002] Photolithographically patterned stress-engineered 

metal structures (e.g., spring probes) have been developed, 
for example, to produce low cost probe cards and to provide 
electrical connections between integrated circuits. A 
typical spring structure is formed from a stress-engineered 
(a.k.a. '"stressy") metal film intentionally fabricated such 
that its lower/upper portions have a higher internal tensile 
stress than its upper/lower portions. The internal stress 
gradient is produced in the stress-engineered metal film by 
layering different metals having the desired stress 
characteristics, or using a single metal by altering the 
fabrication parameters. The stress-engineered metal film is 
patterned to form islands that are secured to an underlying 
substrate either directly or using an intermediate release 
material layer. When the release material (and/or underlying 
substrate) is selectively etched from beneath a first (free) 
portion, the free portion bends away from the substrate to 
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produce a spring structure that remains secured to the 
substrate by an anchor portion. Such spring structures may 
be used in probe cards, for electrically bonding integrated 
circuits, circuit boards, and electrode arrays, and for 
producing other devices such as inductors, variable 
capacitors, and actuated mirrors. Examples of such spring 
structures are disclosed in U.S. Patent No. 3,842,189 
(Southgate) and U.S. Patent No. 5,613,861 (Smith). 
[0003] When used to form probe cards, such spring metal 

structures must exhibit sufficient stiffness to facilitate 
proper electrical connection between the probe (spring metal 
finger) and a corresponding contact pad on the device-under- 
test . Most stressy metal spring probes produced by 
conventional methods are fabricated from sputtered metal that 
is approximately one micron thick, which produces only a 
nominal stiffness capable of resisting a force of 0.1 to 0.2 
grams (gmf ) . These stressy metal spring probes may provide 
sufficient stiffness to probe gold contact pads, but are not 
stiff enough to reliably probe aluminum pads. Gold pads can 
be readily probed with relatively weak spring probes because 
gold does not form a passivation layer that takes significant 
force to puncture. However, aluminum pads form a passivation 
layer that must be punctured by the tip of the spring probe 
in order to facilitate proper electrical connection. To 
repeatedly achieve electrical contact to aluminum, which is 
required for many integrated circuit probe card applications, 
deflection of the probes within their elastic region should 
absorb an expected force of several grams. 

[0004] One method of increasing the stiffness of stressy 

metal spring probes is to increase the probe thickness. 
Using a linear spring model, the force (F) imparted by a 
stressy metal spring probe is roughly equal to the product of 
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the vertically compressed deflection from the relaxed state 
(dZ) multiplied by its vertical stiffness (K) . Sputtered 
stressy metal probes have been produced that achieve large 
vertical deflections (up to approximately 100 microns) , but 
their corresponding vertical stiffness is limited by the 
relatively thin sputtered metal. One approach to increasing 
the probe thickness, and hence the probe stiffness, is to 
produce thicker stressy metal films. However, fabricating a 
spring probe entirely from stressy metal would require 
sputtering tens of microns of metal, which would be very time 
consuming and hence very expensive. A less expensive 
approach to generating a higher force is sputtering and 
releasing a relatively thin (and therefore less expensive) 
stressy metal probe structure, and then thickening the probe 
using a relatively inexpensive plating process. Plating a 
thick metal layer (a few microns) on the probe significantly 
increases probe stiffness, but could also decrease the 
maximum deflection (dZ) . Maximum deflection is determined by 
the initial lift height and the fracture limit of the probe. 
Laboratory experiments have shown thick electroplated 
stiffened springs break or yield when deflected a significant 
fraction of their initial lift height. Soft plated metals 
such as gold break less readily than hard plated metals such 
as nickel. Failure typically occurs at the base (anchor 
portion) of the cantilevers, where plating forms a wedge that 
acts as a stress -concentrating fulcrum to pry the base away 
from the underlying substrate as the probe is deflected. The 
wedge forms because the thickness of the release layer formed 
under the stressy metal film (if used) is less than the 
thickness of the plated layer. This wedge limits the maximum 
force because it limits both the allowed thickness of the 
plating (K) and the maximum displacement (dZmax) . 

3 
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[0005] Accordingly, what is needed is a cost effective 

method for fabricating high force spring probes and other 
spring structures from stress-engineered metal films that are 
thick (stiff) enough to support, for example, large probing 
forces, but avoid the production of a wedge at the base 
(anchor portion) of the spring that has a tendency to pry the 
spring base off the substrate surface. 

SUMMARY OF THE INVENTION 

[0006] The present invention is directed to plated spring 

structures that avoid the problems associated with 
conventional spring structures, and to methods for producing 
such plated spring structures. In particular, the present 
invention is directed to various plated spring structures and 
fabrication methods that avoid the wedge formed by plated 
material on an underside of the spring probe adjacent to the 
substrate surface, thereby avoiding spring breakage due to 
the fulcrum/lever mechanism produced by the wedge when the 
tip of the spring structure is pressed downward toward the 
substrate . 

[0007] According to an embodiment of the present 

invention, the anchor portion of a stressy metal spring 
structure is formed on a raised post structure extending from 
the substrate by a predetermined distance that provides 
sufficient clearance to prevent plated metal layer from 
forming a wedge between the spring structure and the 
substrate. That is, the predetermined distance between the 
upper surface of the post and the substrate offsets the 
anchor portion of the spring structure from an upper surface 
of the substrate by a distance greater than two or more times 
the thickness of the plated metal layer, thereby preventing 
the plated metal from forming a wedge. This arrangement 

4 
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facilitates the formation of thicker plating, which increases 
spring stiffness. In one specific embodiment, the post is a 
deposited/plated metal (e.g., copper or nickel), and a 
sacrificial material (e.g., silicon dioxide or silicon 
nitride) is formed around the post. The post and sacrificial 
layer are planari.zed, and then stressy metal is formed, 
etched, and released by removing the sacrificial layer. In 
another specific embodiment, the post is formed from a 
portion of the sacrificial layer that is protected by a mask 
during the release etch, and includes an optional metal 
plating. In yet another specific embodiment, the post is 
conductive (or covered with a conductive material) , and is 
coupled to an electrode during the plating process such that 
a curved plated metal structure forms on a side of the post . 
In yet another specific embodiment, a separate release 
material is formed on the planarized sacrificial layer/post 
before sputtering the stressy metal layer. In yet another 
specific embodiment, a seed material is formed on the release 
spring structure before plating. 

[0008] According to another embodiment of the present 

invention, the anchor portion of a stressy metal spring 
structure is formed on a substrate, a trench is isotropically 
etched into the substrate adjacent to the anchor portion, and 
a plated metal layer is formed on both sides of a curved free 
portion of the spring structure that extends over the trench. 
To prevent the plated metal layer from forming a wedge 
between the spring structure and the substrate, the trench is 
etched to a depth that is greater than a thickness of the 
plated metal layer. In one specific embodiment, a stressy 
metal layer is sputter deposited and formed over an upper 
surface of the substrate, and the upper surface is then 
subjected to an isotropic etching step that releases both the 
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free portion of the spring structure and forms the trench. 
In another specific embodiment, the stressy metal layer is 
formed on the upper surface of the substrate, and the 
substrate is isotropically etched through its bottom surface 
to release the spring structure and form the trench (through 
hole) . In another specific embodiment, an electrode provided 
in a via formed in the substrate, and is coupled to a voltage 
source during the plating process. 

[0009] According to yet another embodiment of the present 

invention, a spring structure includes an intermediate 
portion forming a knee between the anchor and free portions 
of the spring metal finger. In one specific embodiment, the 
knee is formed by sputtering the stressy metal over a 
sacrificial layer formed with a tapered edge such that the 
anchor portion is formed over an exposed portion of the 
substrate, an angled section is formed on the tapered edge, 
and the unreleased free portion is formed on a planarized 
surface of the sacrificial layer. The sacrificial layer is 
then etched and the free portion is released, whereby a fixed 
end of the free portion is maintained at a predetermined 
distance from the substrate by the intermediate portion to 
provide clearance for subsequent plating. In a second 
specific embodiment, a spring metal island is formed in a 
single plane over the substrate (no sacrificial layer) , and a 
stress-balancing pad (i.e., having an internal stress 
gradient opposite to that of the spring metal) is formed over 
a selected portion of the spring metal island. During 
subsequent release, the stress -balancing pad causes the 
released free portion to form a knee at the junction between 
an intermediate portion and a free portion of the spring 
metal finger, thereby providing clearance for subsequent 
plating. 

6 
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[0010] According to another embodiment of the present 

invention, wedge structures are prevented by plating only the 
upper side of the released spring structure. In one specific 
embodiment, single-sided plating is achieved by forming a 
spring structure using a low- conductivity or non- conductive 
spring material, and then depositing a conductive seed layer 
on the unreleased spring structure. The seed layer 
facilitates subsequent plating only on the upper surface of 
the released spring structure. In a specific embodiment, the 
seed material is formed along a central region of the spring 
metal to prevent plating material from forming along the 
edges of the released spring structure. In another specific 
embodiment, a thin non-plating (plating-resistant) layer 
(e.g., a dielectric) is formed between the spring metal and 
the release layer that resists plating on the lower surface 
of the release spring structure. 

[0011] According to another embodiment of the present 

invention, a fabrication process is used in which the 
released spring finger acts as a shadow mask for patterning 
resist that prevents wedge formation during plating. In 
particular, prior to electroplating, the released spring 
finger is used as a mask to form a resist pattern under the 
free portion of the spring metal finger adjacent to the 
anchor portion (the resist is removed from all other 
surfaces) . During the subsequent plating process, the resist 
pattern prevents plating material from accumulating on the 
underside of the spring finger adjacent to the anchor 
portion, thereby preventing the formation of a wedge 
structure . 

[0012] According to an aspect of the present invention, 

spring probes formed using each of the embodiments described 
above are provided with relatively sharp tips that increase 
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the contact pressure for a given probing force . In one 
specific embodiment, sharpened tips are generated by 
restricting the amount of electroplating formed at the probe 
tip by limiting or omitting seed material at the probe tip, 
or by exploiting the properties of plating rates on pointy 
shapes (electroless deposition can, for example, fall to zero 
at the surface of a spring tip) - In another embodiment, 
probe tips are sharpened after plating using known 
techniques. In yet another specific embodiment, multiple 
probe tips (both in-plane and out -of -plane are formed on each 
spring probe to increase the probability of making electrical 
contact through redundancy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] These and other features, aspects and advantages 

of the present invention will become better understood with 
regard to the following description, appended claims, and 
accompanying drawings, where: 

[0014] Fig. 1 is a cut-away perspective view of a high 

force metal plated spring structure according to an 
embodiment of the present invention; 

[0015] Figs. 2(A), 2(B), 2(C), and 2(D) are cross- 

sectional side views showing fabrication steps associated 
with the production of the spring structure shown in Fig. 1; 
[0016] Fig. 3 is a cut-away perspective view of a high 

force metal plated spring structure according to an 
alternative embodiment; 

[0017] Figs. 4(A), 4(B), 4(C), and 4(D) are cross- 

sectional side views showing fabrication steps associated 
with the production of the spring structure shown in Fig. 3 
according to a first specific embodiment; 

8 
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[0018] Figs. 5(A), 5(B), 5(C), and 5(D) are cross- 

sectional side views showing fabrication steps associated 
with the production of a spring structure similar to that 
shown in Fig. 3 according to another specific embodiment; 

[0019] Figs. 6(A), 6(B), 6(C), 6(D), and 6(E) are cross- 

sectional side views showing fabrication steps associated 
with the production of a spring structure similar to that 
shown in Fig. 3 according to another specific embodiment; 

[0020] Fig. 7 is a cut-away perspective view of a high 

force metal plated spring structure according to another 
embodiment of the present invention; 

[0021] Figs. 8(A), 8(B), 8(C), and 8(D) are cross- 

sectional side views showing fabrication steps associated 
with the production of the spring structure shown in Fig. 7 
according to a specific embodiment; 

[0022] Figs. 9(A) and 9(B) are cross-sectional side views 

showing fabrication steps associated with the production of a 
spring structure according to another specific embodiment; 
[0023] Figs. 10(A) and 10(B) are cross-sectional side 

views showing spring structures according to further specific 
embodiments; 

[0024] Figs. 11(A), 11(B), 11(C), and 11(D) are cross- 

sectional side views showing fabrication steps associated 
with the production of a spring structure having a knee 
structure according to another embodiment of the present 

invention; 

[0025] Figs. 12(A) and 12(B) are cross-sectional side 

views showing fabrication steps associated with the 
production of a spring structure having a knee structure 
according to another embodiment of the present invention; 
[0026] Figs. 13(A), 13(B), 13(C), and 13(D) are cross- 

sectional side views showing fabrication steps associated 
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with the production of a spring structure having a knee 
structure according to another embodiment of the present 
. invention; 

[0027] Figs. 14(A), 14(B), 14(C), and 14(D) are cross- 

sectional side views showing fabrication steps associated 
with the production of a spring structure having a single- 
sided plating arrangement according to another embodiment of 
the present invention; 

[0028] Figs. 15(A), 15(B), 15(C), and 15(D) are cross- 

sectional side views showing fabrication steps associated 
with the production of a spring structure having a single- 
sided plating arrangement according to another embodiment of 
the present invention; 

[0029] Figs. 16(A) and 16(B) are cross-sectional end 

views showing portions of a spring structure having a single- 
sided plating arrangement formed with a continuous seed 
layer; 

[0030] Figs. 17(A) and 17(B) are cross-sectional end 

views showing portions of a spring structure having a single- 
sided plating arrangement formed with a centered seed layer 
according to another embodiment of the present invention; 

[0031] Figs. 18(A), 18(B), 18(C), 18(D), and 18(E) are 

cross-sectional side views showing fabrication steps 
associated with the production of a spring structure 
according to yet another embodiment of the present invention; 

[0032] Fig. 19 is a plan view showing a spring structure 

having a release mask formed thereon according to another 
embodiment of the present invention; 

[0033] Figs. 20(A), 20(B), and 20(C) are cross-sectional 

side views showing fabrication steps associated with the 
production of a spring structure using the release mask shown 
in Fig. 19; 

10 
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[0034] Figs. 21(A) and 21(B) are cross-sectional side 

views showing spring structures having alternative tip 

structures formed in accordance with another aspect of the 
present invention; 

[0035] Figs. 22(A) and 22(B) are plan and cross-sectional 

side views, respectively, showing a spring structure having a 
multi-tip structure according to another embodiment of the 
present invent ion ; 

[0036] Figs. 23(A), 23(B), 23(C), and 23(D) are cross- 

sectional side views showing fabrication steps associated 
with the production of a spring structure having an out -of - 
plane tip structure according to another embodiment of the 
present invention; and 

[0037] Fig. 24 is a cross-sectional side view showing a 

spring structure having an array of out -of -plane tips 
according to another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0038] Fig. 1 is a cut-away perspective view showing a 

spring structure 100 formed on a substrate 101 according to a 
first embodiment of the present invention. Spring structure 
100 includes a post structure 110 formed on a (first) surface 
105 of substrate 101, a spring metal finger 120 having an 
anchor portion 122 attached to an upper surface 115 of post 
structure 110, and a bent free portion 125 extending over 
substrate 101, and a plated metal layer 13 0 formed on spring 
metal finger 120. Substrate 101 is formed from a suitable 
(first) material (e.g., glass, silicon, or quartz), and post 
110 is formed thereon from a second material (e.g., silicon 
dioxide, silicon nitride, copper (Cu) , or nickel (Ni)). Post 
110 can be plated or left unplated. Similar to conventional 
spring structures, spring metal finger 12 0 is etched from a 

11 
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stress-engineered metal film that is formed by DC magnetron 
sputtering one or more metals using gas (e.g.. Argon) 
pressure variations in the sputter environment during film 
growth in accordance with known techniques. In some 
embodiments, a plating electrode and/or release material 
layer (indicated by dashed line region 140) is formed between 
surface 105 of substrate 101 and a lower surface of spring 
metal finger 120. Plated metal layer 130 (e.g., Ni, gold 
(Au) , Cu, palladium (Pd) , tin (Sn) solder, rhodium (Rh) 
and/or alloys thereof) is formed on exposed surfaces of 
spring metal finger 120 after free portion 125 is released, 
thereby providing structural and electrical characteristics 
that are superior to spring structures that are formed 
without plated metal. In particular, as indicated in Fig. 1, 
plating metal layer 130 includes an upper layer 136 formed on 
an upper surface 126 of spring metal finger 120, and a lower 
layer 137 formed on a lower surface 127 of free portion 125. 
In one embodiment, plated metal layer 130 is formed to a 
thickness Tl (e.g., 1.5 microns) using electroplating 
techniques (although electroless plating techniques may also 
be used) . 

[0039] According to an aspect of the present invention, 

post 110 extends from surface 105 of substrate 101 such that 
upper surface 115 is displaced from surface 105 by a 
predetermined distance Dl that is greater than thickness Tl 
of plated metal layer 13 0, thereby preventing the formation 
of a wedge that can pry spring structure 100 from substrate 
101 during use. Preferably, post height Dl is two or more 
times greater than plating thickness Tl. In one practical 
embodiment, plating thickness Tl is 1.5 microns, and 
predetermined distance Dl is 5 microns. Because post 110 
elevates anchor portion 122 of spring metal finger 12 0 by an 
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amount greater than thickness Tl, sufficient clearance is 
provided to preclude a relatively thick layer of plating 
material formed on lower surface 127 from forming a wedge 
during actuation of spring structure 100. Accordingly, the 
present invention facilitates the formation of thicker plated 
metal layers 130, and hence thicker and stiff er spring 
structures. Further, utilizing post 110 increases the 
maximum deflection (dZmax) of spring structure 100 by an 
amount substantially equal to predetermined distance Dl 
(i.e., in additional to the displacement caused by bending) . 
Accordingly, because increasing the product of stiffness and 
maximum elastic deflection increases the total exertable 
force, the present invention provides a high force spring 
structure 100 that is suitable for many probing and contact 
applications . 

[0040] Figs. 2(A) through 2(D) are simplified cross- 

sectional side views showing a simplified fabrication process 
or producing spring structure 100 according to a specific 
embodiment of the present invention. 

[0041] Referring to Fig. 2(A), the fabrication method 

begins with the formation of a base layer 210 over surface 
105 of substrate 101. Base layer 210 includes a post region 
211 surrounded by sacrificial material (first) regions 212, 
and an optional release material/ plating electrode layer 214 
formed over post region 211 and sacrificial material regions 
212. Base layer 210 defines a upper surface 215 that is a 
predetermined first distance Dl (e.g., 5 microns) above 
surface 105 of substrate 101. 

[0042] According to an aspect of the present invention, 

post region 211 and sacrificial material region 212 may be 
formed using different materials, or formed using a 
continuous layer of a single material. Requirements for 
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sacrificial material region 212 are that the sacrificial 
material can be uniformly deposited as a layer (typically 
approximately 5 microns) , isotropically etched without 
disturbing the stressy metal film and post structures, and 
planarized with post 211. Exemplary sacrificial layers 
include, silicon dioxide or silicon nitride (chemical vapor 
deposition), polyimide, spin on glass, and SU-8, 
Requirements for post 211 are that it can be etched, plated, 
or deposited with lateral isolation sufficient for the 
selected probe density, uniformly deposited as a thick layer 
(typically approximately 5 mm) , planarized with the 
sacrificial layer, and sufficiently conductive for the 
particular probing application. Exemplary post layers 
include plated copper or nickel. In one embodiment, base 
layer 210 is formed by depositing a thick oxide (sacrificial) 
layer, then forming (e.g., using well-known lithographic 
patterning techniques) one or more vias through the thick 
oxide layer for forming post 211. In one embodiment, post 
211 is plated from a seed layer that is deposited before or 
after the thick sacrificial layer deposition. After post 211 
is formed, a planarization step such as chemical mechanical 
polishing is optionally performed. Currently, copper and 
oxide are standard materials to polish as they are used in 
integrated circuit Damascene processes. 

[0043] After forming post 211 and sacrificial material 

region 212, optional plating electrode/release layer 214 is 
deposited. Titanium (e.g., 0.2 microns) is typically used as 
a release material because it can be deposited in the same 
sputter tool as the subsequent metals utilized to form the 
stressy metal film. In one embodiment, gold is deposited on 
the titanium to act as a seed layer for subsequent 
electroplating. 

14 
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[0044] Fig. 2(B) shows a spring metal island 220 formed 

on release material layer 214, which is etched from a metal 
film formed using a mask 230 and an etchant 240 according to 
known processing techniques. 

[0045] In one embodiment, the stress-engineered film used 

to from spring metal island 220 is formed such that its 
lowermost portions (i.e., adjacent to release material layer 
214) has a lower internal tensile stress than its upper 
portions, thereby causing the stress-engineered metal film to 
have internal stress variations that cause a spring metal 
finger to bend upward away from substrate 101 during a 
release process (discussed below) . Methods for generating 
such internal stress variations in stress-engineered metal 
film 22 0 are taught, for example, in U.S. Patent No. 
3,842,189 (depositing two metals having different internal 
stresses) and U.S. Patent No. 5,613,861 (e.g., single metal 
sputtered while varying process parameters) , both of which 
being incorporated herein by reference. In one embodiment, 
which utilizes a 0.2 micron Ti release material layer 214, 
stress-engineered metal film 220 includes Molybdenum and 
Chromium (MoCr) sputter deposited to a thickness of 1 micron. 
In other embodiments, a Mo spring metal layer can be formed 
on SiN release material layers. 

[0046] Note also that an optional passivation metal layer 

(not shown; e.g., Au, Pt, Pd, or Rh) may be deposited on the 
upper surface of the stress -engineered metal film to act as a 
seed material for the subsequent plating process if the 
stress-engineered metal film does not serve as a good base 
metal. The passivation metal layer may also be provided to 
improve contact resistance in the completed spring structure. 
In an alternative embodiment, a NiZr stressy metal film may 
be utilized that can be directly plated without a seed layer. 

15 
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If electroless plating is used, the deposition of the 
electrode layer can be skipped. 

[0047] Elongated spring metal (first) mask 230 (e.g., 

photoresist) is then patterned over a selected portion of the 
stress-engineered metal film, and exposed portions of the 
stress-engineered metal film surrounding the spring metal 
mask 230 are etched using one or more etchants 240 to form 
spring metal island 22 0. In one embodiment, the etching step 
may be performed using, for example, a wet etching process to 
remove exposed portions of the stress-engineered metal film. 
This embodiment was successfully performed using cerric 
ammonium nitrate solution to remove a MoCr spring metal 
layer. In another embodiment, anisotropic dry etching is 
used to etch both stress-engineered metal film 220 and the 
upper surface of electrode/release layer 214. This 
embodiment may be performed, for example, with Mo spring 
metal, and Si or Ti release layers. Mo, Si and Ti all etch 
in reactive fluorine plasmas. An advantage of dry etching 
the spring metal film is that it facilitates finer features 
and sharper tipped spring metal fingers. Materials that do 
not etch in reactive plasmas may still be etched 
anisotropically by physical ion etching methods, such as 
Argon ion milling. In yet another possible embodiment, the 
etching step can be performed using the electro-chemical 
etching process described in IBM J. Res. Dev. Vol. 42, No. 5, 
page 655 (September 5, 1998) , which is incorporated herein by 
reference. Many additional process variations and material 
substitutions are therefore possible and the examples given 
are not intended to be limiting. 

[0048] Fig. 2(C) depicts a release operation during which 

sacrificial material and/or release material are selectively 
removed from beneath free portion 125 of the spring metal 
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island using one or more release etchants 260 (e.g., a 
buffered oxide etch) , thereby causing free portion 125 to 
bend upward (away from substrate 101) .to form spring metal 
finger 120. Note that anchor portion 122 remains connected 
to substrate 101 by way of post 110 (i.e., post portion 211, 
which is exposed during the release operation) . As indicated 
in Fig. 2(C), the release operation utilizes a release mask 
250 formed over anchor portion 122 of spring metal finger 
120. Release mask 250 is used to pattern a release window in 
the electrode/release material layer, as well as provide 
electrical continuity within the release layer so that it can 
act as a common plating electrode for the entire substrate. 
In one embodiment, the exposed release material is etched and 
the cantilevers release and curl out of the plane. The 
resist forming release mask 250 is then reflowed over the 
edges of the etched release material to prevent unwanted 
plating during the subsequent electroplating process 
(discussed below) . Next, exposed portions of sacrificial 
material region 212 are etched isotropically using, for 
example, hydrofluoric acid to form a clearance underneath the 
released spring. 

[0049] Fig. 2(D) depicts an electroplating process during 

which plated metal layer 130 is formed on exposed surfaces of 
spring metal finger 120, wherein plated metal layer 130 has a 
thickness Tl that is smaller than first predetermined 
distance Dl (see Figs. 1 and 2 (A) ) . In one embodiment, 
plated metal layer 13 0 is formed through release mask 250 
(Fig. 2(C)) using either electroless plating techniques or 
electroplating techniques. However, electroplating is 
preferred due to simplicity, cost, and material quality. 
Spring metal finger 120 may be thought of as a scaffold or 
skeleton upon which additional material (i.e., plated metal 
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layer 130) is added by plating. In one embodiment, 
electrode/release material portion 140 (which is located 
under anchored portion 122) is utilized to facilitate 
electroplating by providing a suitable common electrical path 
for the electroplating cathode. Electroplating is performed, 
for example, using a metal source 270 (e.g., Ni, Au, Cu, Pd, 
Sn solder, Rh and/or alloys thereof) and known parameters. 
More than one of these metals may be plated in succession 
(e.g., Ni for stiffness followed by Au for passivation). In 
an alternative embodiment the electrical (cathode) connection 
can be made directly to spring metal finger 120. 
[0050] Fig. 3 is a cut-away perspective view showing a 

spring probe (structure) 3 00 formed on substrate 101 
according to another embodiment of the present invention. 
Elements of spring structure 300 that are similar to those 
described above are identified with like reference numbers. 
[0051] Similar to spring probe 100, spring structure 300 

includes a post structure 110 formed on substrate 101, a 
spring metal finger 12 0 having an anchor portion 122 attached 
to an upper surface 115 of post structure 110, and a bent 
free portion 12 5 extending over substrate 101, and a plated 
metal layer 330 formed on spring metal finger 120. Spring 
structure 3 00 is distinguished from spring probe 100 in two 
main respects: first, post 110 is formed on a plating 
electrode layer 340; and second, plated metal layer 330 
extends down the sides of post 110 to form a curved plating 
structure 338 extending from surface 105 of substrate 101 to 
free portion 125 of spring metal finger 120. The formation 
of curved plating structure 338 during electroplating 
necessarily requires that post 110 be formed from a 
conductive material, or a seed layer and plated layer can be 
deposited on an electrically non-conducting post material. 
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For high-density probing applications, it is important that 
the minimum spacing between conducting posts does not limit 
the overall probe density. Curved plating structure 338 
distributes and reduces maximum stresses produced when spring 
probe 300 is deflected toward substrate 101 during probe 
operations, thereby preventing premature breaking of spring 
probe 300. 

[0052] Figs. 4(A) through 4(D) are simplified cross- 

sectional side views showing a simplified fabrication process 
or producing spring probe 300 according to a specific 
embodiment of the present invention. Referring to Fig. 4(A), 
the fabrication method begins with the formation of a base 
layer 410 that includes forming a plating electrode 340 
(e.g., copper), and then forming post structure 211 and 
sacrificial material region 212 using the methods described 
above. Note again that upper surface 415 is planarized to 
facilitate the formation of the stressy metal film, and that 
base layer 410 is formed to the predetermined thickness Dl. 
Fig. 4(B) shows the formation of spring metal island 220 on 
post 211 and sacrificial material region 212 using mask 230, 
as described above. Fig. 4(C) depicts the release of free 
portion 125, forming spring metal finger 120. Note that 
sacrificial material, which is removed by release etchant 
250, serves as the release material in the present 
embodiment. Note also that release mask 250 may be omitted 
if post 250 is not etched by etchant 250. Finally, as 
indicated in Fig. 4(D), plated metal layer 330 is formed on 
spring metal finger 120 by coupling plating electrode 340 to 
the cathode of the plating system, thereby causing plating 
material to leave target 270 and attach to spring metal 
finger 120. During the plating process, the thick plated 
metal layer 330 tends to blunt sharp corners, so the area 
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underneath free portion 125 adjacent to post 110 tends to 
form curved plating structure 33 8, which distributes stress 
and reduces the peak stress during subsequent probe 
deflection below the fracture strength. After the plating 
process is completed, plating electrode 340 can cleared to 
electrically isolate spring probe 300 from adjacent probes. 
It is also possible to have patterned metal, underneath the 
post for electrical routing. This metal layer could be 
underneath the plating electrode and would remain in place 
after clearing the plating electrode. 

[0053] Figs. 5(A) through 5(D) are simplified cross- 

sectional side views showing a simplified fabrication process 
or producing spring probe (structure) 500 (see Fig. 5.(D)) 
according to another specific embodiment of the present 
invention that utilizes a single base layer material to form 
both the post and sacrificial material regions. Referring to 
Fig. 5(A), base layer 510 is formed to a thickness Dl, and is 
formed form a material meeting the same requirements as those 
used to form the separate post and sacrificial material 
structures utilized in the embodiments described above, with 
the additional requirement of being able to be laterally 
etched so as to undercut and release the spring metal finger 
(Fig. 5(C)). Base layer 510 is preferably a metal deposited 
using sputtering/evaporation and/or plating. In one 
embodiment, a very thick titanium layer (approximately 5 
microns) is sputtered to form base layer 510, which is wet 
etched during release (Fig. 5(C)). The resulting conductive 
post 110-5 could be used as a plating electrode during the 
formation of plated metal layer 330 (Fig. 5(D)). If 
compatible with plating chemistry, the post could also be 
used as a plating seed layer to form cuz*ved plated surface 
338 under the spring base. 
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[0054] Figs. 6(A) through 6(E) depict a variation to the 

fabrication method shown in Figs. 5(A) through 5(D) in which 
separate layers are utilized for the release layer and the 
plating electrode. Referring to Fig. 6(A), a separate 
plating electrode 64 0 and a separate signal routing electrode 
645 are f ormed/patterned below a thick release (base) layer 
610, which is formed as described above. The spring island 
is then formed over base layer 610 (Fig. 6(B)) in the manner 
described above, and the spring metal finger 120 is formed by 
removing the sacrificial portion of the base layer (Fig. 
6 (C) ) . Plating electrode 640 is then contacted by the 
cathode of the plating system (Fig. 6(D)) and all exposed 
surfaces of spring metal finger 120 are electroplated with 
reinforcing metal. Subsequently, the exposed plating 
electrode 640 is removed to electrically isolate each spring 
probe (Fig. 6(E)), which are then accessed using signal 
routing electrode 645. 

[0055] Fig. 7 is a cut-away perspective view showing a 

spring probe (structure) 700 according to another embodiment 
of the present invention. Elements of spring probe 700 that 
are similar to those described above are identified with like 
reference numbers. 

[0056] Similar to previous embodiments, spring probe 700 

includes a spring metal finger 120 having an anchor portion 
122 attached to an upper surface 105 of a substrate 101, and 
spring metal finger 120 has a free portion 125 extending over 
substrate 101. In addition, a plated metal layer 130 is 
formed on both an upper surface 136 and a lower surface 137 
of spring metal finger 12 0 in the manner similar to that 
described above. However, unlike previous embodiments that 
utilize a post to provide a clearance between anchor portion 
122 and substrate 101, substrate 101 defines a trench 705 
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located below free portion 125 of spring metal finger 120. 
As indicated in Fig. 7, trench 705 has a depth D2 (e.g., 
several microns) that provides a clearance of many microns 
underneath free portion 125, and is formed such that, when 
free portion 125 is deflected toward the substrate during a 
probe operation, free portion 125 enters trench 705 without 
contacting upper surface 105. Similar to previous 
embodiments, the depth D2 is preferably two or more times 
larger than the thickness Tl of plated metal layer 13 0. 
[0057] Figs. 8(A) through 8(D) depict process steps 

associated with the fabrication of spring probe 700. 
Referring to Figs. 8(A) and 8(B), a stressy metal film 220A 
is formed on an optional plating electrode/release layer 140, 
and then the stressy metal film is etched using a release 
mask 23 0 and a first etchant 24 0 to form a spring metal 
island 220 in a manner similar to that described above. As 
indicated in Fig. 8(C), a free portion 125 the spring metal 
island is released using a suitable mask and an etchant 260, 
and trench 705 is etched through upper surface 105 of 
substrate 101. In one embodiment, trench 705 is 
isotropically etched into substrate 101 during (or after) the 
release operation using, for example, xenon diflouride as 
release etchant 260, Plating electrode 140 is then contacted 
by the cathode of a plating system (Fig. 8(D)) in the manner 
described above, and all exposed surfaces of spring metal 
finger 120 are electroplated with plated metal layer 130. 
[0058] Figs. 9(A) and 9(B) depict alternative process 

steps associated with the fabrication of a spring probe 
(structure) 900 in which a trench 905 is formed in substrate 
101 by isotropic etching through a bottom surface 109 using a 
suitable etchant 950 (e.g., xenon diflouride). 
Alternatively, plasma etching, which can be anisotropic, may 
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be used. As indicated in Fig. 9(B), electroplating of spring 
metal finger 120 is then performed using the techniques 
described above. In addition to forming a plating clearance, 
this backside etching approach provides visible access to the 
springs from the backside through trench 905 that could aid 
in alignment to samples for probing. Wet or plasma based 
etching of silicon is currently capable of through- silicon 
substrate etches. 

[0059] Figs. 10(A) and 10(B) depict alternative spring 

probe arrangements that include trench 705, and utilize an 
embedded electrode to perform the electroplating process. In 
Fig. 10(A), a plating electrode 1005A extends through 
substrate 101 and contacts the anchor portion of spring metal 
finger 120 during the plating process. This approaches 
simplifies the plating process because plating electrode 
1005A is already patterned and isolated from the plating 
solution. Therefore, the spring probe can be dipped into the 
plating solution while the backside contacts remain out of 
the solution. In contrast, when plating electrodes are 
formed on the substrate surface in the manner described 
above, careful masking and patterning is required, and at 
least part of the electrode must be removed after plating is 
completed. Fig. 10(B) shows another spring probe in which a 
portion of a through- substrate electrode 1005B is exposed 
during the trench etching process. The exposed portion of 
electrode 1005B causes plating material to form a curved 
plating structure 1038 extending from a bottom surface 108 of 
trench 705 to the lower surface of spring metal finger 120. 
The benefits of curved plating structure 103 8 are similar to 
those described above with reference to Fig. 3. 

[0060] Figs. 11(A) through 11(D) depict process steps 

associated with the fabrication of a spring structure 
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including a knee structure that provides a clearance for 
plated metal according to another embodiment of the present 
invention. 

[0061] Referring to Fig. 11(A), a sacrificial layer 1110 

is formed on upper surface of substrate 105, and an optional 
electrode/release layer 1140 is formed thereon. Sacrificial 
layer 1110 includes a planarized upper surface 1115 that is 
displaced from the first surface of the substrate by a 
predetermined distance D3, and a tapered edge section 1117 
extending downward at an angle from upper surface 1115 to an 
exposed portion of surface 105. Requirements and possible 
materials for sacrificial layer 1110 are similar to those 
described above with reference to the embodiments disclosed 
in Fig. 1. Conductive sacrificial materials described in 
some previous embodiments may also be used. Tapered edge 
1117 is provided to facilitate step coverage for the 
subsequent sputtered stressy metal film. One method for 
achieving tapered edge 1117 is to tune the passivation and 
etch aggressiveness of a plasma etch. This procedure is 
commonly done in the semiconductor industry to enable filling 
of high-aspect ratio contact vias. 

[0062] As indicated in Fig. 11(B), a stressy metal film 

and an optional seed layer (not shown) are then formed over 
sacrificial layer 1110, which is then etched using a release 
mask 230 and a first etchant 240 to form a spring metal 
island 1120 in a manner similar to that described above. Note 
that photoresist mask 23 0 is formed thick enough to mask 
tapered edge 1117 of sacrificial layer 1110. Note also that 
spring metal island 1120 is formed over tapered edge 1117 
such that an anchor portion 1122 is formed over the exposed 
portion of substrate 101, a free portion 1125 is formed on 
the planarized upper surface 1115 of . sacrificial layer 1110, 
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and an intermediate portion 1127 formed on tapered edge 1117 
such that it is connected between anchor portion 1122 and 
free portion 1125. Because intermediate portion 1127 is 
formed on tapered edge 1117, it is formed at the same angle 
as that defined by tapered edge 1117. 

[0063] Referring to Fig. 11(C), free portion 1125 is then 

released using a release mask 250 and a release etchant 260 
using methods similar to those described above to form a 
spring metal finger. In one embodiment, the release process 
involves removing release material from beneath free portion 
1125 using a first etchant, and then isotropically etching 
the sacrificial layer to clear the underside of intermediate 
portion 1127. As in previous embodiments, anchor portion of 
1122 remains connected to substrate 101, and the internal 
stress variations provided in the stressy metal cause free 
portion 1125 to bend upward away from substrate 101 upon 
release. Note that the fixed end of free portion 1125 is 
coupled to the upper end of intermediate portion 1127, 
thereby maintaining free portion 1127 at predetermined 
distance D3 from upper surface 105. 

[0064] Referring to Fig. 11(D), electroplating is then 

performed using the system described above. In one 
embodiment, electroplating is performed with the release mask 
in place and using release/plating electrode 140 and gold as 
a plating seed layer. Plating along intermediate portion 
1127 is critical for strength and support in this design. If 
electrode/release layer 140 provides a satisfactory seed 
layer (as depicted in Fig. 11(D)), then plated metal will 
stiffen the knee and form a curved plated structure 1138 
under intermediate portion 1127. If electrode/release layer 
140 is not a satisfactory seed layer, the release etch can be 
repeated after the thick sacrificial layer etch and before 
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the electroplating process. Thickening the thus -formed knee 
structure 1150 with a plated metal layer 113 0 having a 
thickness Tl increases the stiffness while keeping peak 
stresses low. Note that, even if thickness Tl is less than 
predetermined distance D3, it is possible to form a wedge at 
the intersection of intermediate portion 1127 and anchor 
portion 1122. This wedge could cause premature fracture as 
it does in the conventional spring structures. However, the 
top of the knee structure (i.e., at the junction between 
intermediate portion 1127 and free portion 1125) is expected 
to absorb the majority of the stress when the tip of spring 
structure 1100 is deflected toward substrate 101. 
[0065] Figs. 12(A) and 12(B) depict alternative process 

steps associated with the fabrication of a spring structure 
12 00 in which an embedded contact 1145 is formed in substrate 
101 below anchor portion 1122 to facilitate the plating 
process in the manner described above. In this embodiment, 
embedded contact 1145 is exposed during the patterning of 
sacrificial layer 1110, and contacted from an underside of 
substrate 101 during the formation of plated metal layer 
1130. 

[0066] Figs. 13(A) through 13(D) depict process steps 

associated with the fabrication of a spring structure 
including a knee structure according to another embodiment of 
the present invention. 

[0067] Referring to Fig. 13(A), the process begins by 

forming a layered structure including an optional 
electrode/release layer 1340, a spring metal island 1320A 
having a first stress gradient in the growth direction (i.e., 
compressive layers on the bottom and tensile layers on top) , 
and a stress-balancing pad 1350 formed on the spring metal 
finger and having a second stress gradient that differs from 
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the first stress gradient such that bending of spring metal 
finger 1320 is resisted adjacent to stress-balancing pad 
1350. In one specific embodiment, stress-balancing pad 1350 
is formed from a relatively thick (i.e., thicker than spring 
metal island 1320) section of stressy metal including only 
highly compressive layers. In another specific embodiment, 
the second stress gradient of the stress-balancing pad 1350 
is opposite to the first stress gradient (i.e., tensile 
layers on the bottom and compressive layers on top) . Stress- 
balancing pad 1350 may be formed using sputtered MoCr 
(deposited at low pressure) or aluminum. One challenge is to 
etch stress -balancing pad 1350 without etching the underlying 
spring metal island 1320. In one specific embodiment, timed 
etching is used to avoid etching spring metal island 1320, 
especially when the etch used is selective to spring metal 
island 1320. In another embodiment, a thin intermediate 
layer (not shown) is provided between the spring metal island 
1320 and stress-balancing pad 1350 to act as an etch stop. 
Preferably, stress-balancing pad 1350 is selected to also 
function as a plating seed layer. 

[0068] As indicated in Fig. 13(B), the layered structure 

is then etched using a release mask 230 and a suitable 
etchant to form a spring metal island 1320 in a manner 
similar to that described above. 

[0069] Next, as shown in Fig. 13(C), free portion 1325 is 

then released using the methods described above with respect 
to Fig. 11(C). Upon etching the release layer, free portion 
1325 curls (bends) upward while the region located under 
stress-balancing pad 1325 curls down, thereby forming a knee 
structure 1355. 

[0070] Finally, as indicated in Fig. 13(D), plating is 

performed in a manner similar to that described above. As 
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with the previous embodiment, plated metal layer 133 0 is 
formed on both the top and bottom of knee structure 1355 to 
maximize the strength of spring structure 1300. If stress- 
balancing pad 1350 does not satisfactorily seed plated metal 
layer 133 0, then a separate seed layer can be deposited. 
[0071] All of the above embodiments disclose forming 

high- force springs having plating on both upper and lower 
surfaces of the spring metal finger, and a clearance is 
provided to avoid the formation of a wedge. Another strategy 
for removing the plating wedge on the bottom side of the 
spring is to only plate the top surface of the spring metal 
finger. Specifically, as disclosed in the following 
embodiments, top-only plating is accomplished provides high- 
plating selectivity between the top and bottom surfaces of 
the spring metal finger by placing a plating seed layer on 
the top surface, and/or placing a non-plating layer on the 
back side of the spring metal finger. 

[0072] Figs. 14(A) through 14(D) depict a first series of 

fabrication steps for producing a spring structure 1400 
having top-only plated metal layer 1430. Starting at Fig. 
14 (A) , a stressy metal film 1420A is formed on a 
electrode/release layer 140 in the manner described above, 
and a seed layer 1421A is deposited (e.g., sputtered) on 
stressy metal film 1420A. In one embodiment, stressy metal 
film 1420A is MoCr, and seed layer 1421A is gold (as is the 
subsequently formed plated metal layer 1430) . Because MoCr 
is a poor conductor and does not plate well, an underside 
non-plating layer is not provided in the current embodiment. 
A spring metal island 1420 (Fig. 14(B)) is then formed using 
the methods described above, and then free portion 1425 is 
released with seed layer 1421 formed thereon (Fig. 14(C)). 
Finally, plating is performed (Fig. 14(D)) using conventional 
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techniques. Note that seed layer 1421 facilitates the 
formation of plated metal layer 1430 only on the upper 
surface of spring metal finger 1420, whereas the poor 
conductivity of the MoCr prevent significant plating on lower 
surface 1427. 

[0073] Figs. 15(A) through 15(D) depict a second series 

of fabrication steps for producing a spring structure 1500 
having top-only plated metal layer 1430, as in the previous 
embodiment. As in the previous embodiment, the challenge is 
to satisfactorily prevent plating on the bottom of spring 
metal finger 1420 near anchor portion 1422. If the bottom 
side of free portion 142 5 is not sufficiently immune from 
plating, a thin non-plating layer 1521A, such as a 
dielectric, is formed between stressy metal film 142 OA and 
electrode/release layer 140 (Fig. 15(A)), and seed layer 
142 lA is formed stressy metal film 142 OA. The design of non- 
plating layer 152 lA depends on the overall spring release 
design. If the stress provided in spring metal finger 1420 
alone is used to determine the release height, a thin, low- 
stress dielectric layer is preferred. If both non-plating 
layer 152 lA and spring metal island 1420 are used to 
determine the release height, a thicker and perhaps 
compressive non-plating layer 1521A would be preferred. Non- 
plating layer 152 lA should also be compatible with the 
release etch 260 (Fig. 15(C). For example, if a thin silicon 
dioxide layer is used for non-plating layer 1521A, a silicon 
release layer 140 etched using xenon diflouride would be 
appropriate. Unless electroless plating is used, this 
approach might require a patterned release layer so that 
electrical contact can be made between the springs to the 
plating electrode (i.e., the through- substrate contact vias 
described in earlier embodiments) . In another embodiment, 
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oxidized metal could be used to form non-plating layer 1521. 
In yet another embodiment, a thin Ti layer could be used to 
form non-plating layer 1521A, and Si used to form release 
layer 140. With a gold seed layer 1421, plated metal layer 
1430 deposits only on the topside of spring metal finger 
142 0, and the Ti oxide of non-plating layer 1521A protects 
the backside from being plated. Cr or another oxide forming 
metal might also be used instead of Ti to form non-plating 
layer 1521. 

[0074] As indicated in Figs. 16(A) and 16(B), when 

plating on a seed layer 1621 for one-sided plating, 
laboratory results show that sometimes plating 163 0 can creep 
along the side edges 1622 an 1623 of a spring metal finger 
1620 and form depending sections 1635 between spring metal 
finger 1620 and an underlying substrate 101 and act as wedge 
structures. As indicated in Fig. 17(A), according to another 
embodiment of the present invention, to prevent the formation 
of these depending plated sections, a seed layer 1721 is 
patterned between edges 1722 and 1723 of a spring metal 
finger 1720. This arrangement can be achieved by using a 
separate mask to pattern seed layer 1721 before plating. The 
seed layer etch should be selective to etching of spring 
metal finger 1720. By forming seed layer 1721 inside of 
edges 1722 and 1723 (as opposed to being formed up to the 
edges, as shown in Fig. 16(A)), the resulting plating process 
produces a plated metal layer 1730 that is formed only on the 
upper surface, which shown in 17(B). An alternative 
embodiment that avoids the cost of an extra mask involves 
overetching the seed layer with a selective etch with the 
spring mask in place. This laterally recesses the seed layer 
so that potential lateral plating does not result in wedge 
formation under the spring. 
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[0075] Figs. 18(A) through 18(E) depict a method for 

fabricating a spring structure 1800 on a substrate 101 in 
which plating is prevented from forming in the region 
typically resulting in the wedge problem discussed above. 
Referring to Fig. 18(A), free portion 125 is released from 
substrate 101 using a release mask 250 and release etchant 
160 according to the methods described above, thereby 
producing spring metal finger 120. As shown in Fig. 18(B), 
photoresist 1820 is then deposited on substrate 101 such that 
it covers spring metal finger 120, and such that a resist 
portion 1825 is located between free portion 125 and 
substrate 101. Subsequently, spring metal finger 120 
(specifically, free portion 125) is used as a photomask, 
shadowing resist portion 1825 during subsequent development 
and removal (Fig. 18(C)) . In addition to less exposure to UV 
light, resist trapped under free portion 125 is thicker than 
spun-on resist at the planar areas, and like wafer edge 
beads, this resist develops slower and remains behind even 
after the planar areas have developed out. If the resist is 
of the positive type, the resist that is exposed to the light 
will be removed during the develop step, leaving behind 
resist portion 1825 that masks the underside of spring metal 
finger 120 adjacent to anchor portion 122 during the 
subsequent plating process (Fig. 18(D)). Because spring 
metal finger 12 0 is used as a shadow mask, the process is 
self -aligning, and no expensive lithography tool is needed, 
only a uniform collimated light source (even this requirement 
may not be necessary. Finally, as indicated in Fig. 18(E), 
the resist portion is removed from beneath free portion 125, 
thereby facilitating probing operations while avoiding the 
wedge problem associated with conventional spring structures. 
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[0076] In some embodiments, it may be desirable to retain 

resist from the release operation to prevent plating on the 
sides of spring metal finger 120. For example, as indicated 
in Figs. 19 and 20(A) through 20(C), a release window mask 
1950 (i.e., resist) may be used as a plating mask during the 
subsequent plating process. Mask 1950 helps to define 
plating onto the unlifted spring metal, as well as portions 
of the top surface of the lifted spring. To prevent plating 
on the edges and underside of spring metal finger 120 near 
anchor portion 122, overhanging tabs 1955 of mask 1950 
(resist) are provided on the top surface of spring metal 
finger 120 (Figs. ^19 and 20(A))- After the subsequent 
formation of resist portion 1825, mask 1950 is ref lowed such 
that the tabs 1955 join together with resist portions 1825 to 
mask the sides of spring metal finger 120. A variety of 
resists and processes are available to enable resist fixing. 
In the present embodiment, image reversal was used to fix the 
release window resist. Another possibility would be to hard 
bake the first layer resist. Hardbaking at the appropriate 
temperature would make the resist immune to developer, while 
still allowing it to be removed with a resist stripper. 
[0077] The embodiment described above with reference to . 

Figs. 18(A) through 20(C) was reduced to practice by the 
present inventors. A wafer including an array of springs was 
flood exposed after releasing the springs. The release mask 
was then image reversed using an ammonia reversal bake. 
Shipley 1818 photoresist was then spun at 3 Krpm with gradual 
ramp (the gradual ramp ensures a sumptuous amount of trapped 
resist at spring undersides) . The wafer was then baked on a 
hotplate for 7 minutes. Next, the resist was flood exposed 
under an intense UV lamp for 3 minutes and then developed in 
a 1 water/ 1 microposit developer concentrate mixture for 7 
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minutes. The springs were then plated using the conductive 
underlying release metal as a common electrode. All resist 
was then removed from the wafer, and the underlying electrode 
is cleared. 

[0078] An extension to the above embodiment is to replace 

the basal resist with a photodef inable elastomer that remains 
part of the spring structure after processing. The elastomer 
acts to distribute the stresses around the base of the spring 
to prevent spring base detachment . This concept was tested 
by compressing a spring with the photoresist base remaining 
in place. The spring did not detach, even though the 
compression forces bent the metal spring. Therefore, this 
embodiment provides a way to put a photodef inable material at 
the basal underside of a bent beam cantilever. This permits 
much stif fer, and stronger spring structures to be made than 
are otherwise possible. This embodiment also permits making 
high force springs without additional photomasks or alignment 
steps, thereby lowering production costs. 

[0079] Spring probe tip design is important in probing 

applications using high-force springs. The present assignee 
has already studied the dependence of in-plane tip shape on 
the effective stiffness of the spring. In addition, the tip 
shape at the end of the spring can alter the contact area and 
thus the contact force required for making reliable low- 
resistance electrical contact to a pad. Sharp tips can 
increase contact pressure for a given force, but also need to 
have enough area for low contact ' resistance . Conversely, 
.very blunt tips provide a large contact region, but with 
reduced contact pressure for a given force, which might not 
be sufficient for breaking through barriers such as native 
oxide on aluminum. An optimal tip design will depend on 
balancing these effects. 
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[0080] As indicated in Fig. 21(A), the formation of 

plated metal layer 130 to stiffen spring metal finger 120 can 
round (blunt) the tips 12 8, reducing the contact pressure, 
and thus the ability to make reliable electrical contact. As 
indicated in Fig. 21(B), for all of the approaches described 
above, optimal tip design might require restricting 
electroplating on tip 128 (e.g., by omitting seed material at 
the tip) , or sharpening tip 128 after plating using known 
techniques to prevent rounding and to provide a suitably 
sharp point. For example, laboratory results suggest that 
electroless plating of nickel on MoCr springs encased in gold 
seed layers forms springs which are plated along the length 
of the springs, but not at the tip. 

[0081] As indicated in Figs. 22(A) and 22(B), another 

approach for providing high- force tip design on spring probes 
is to form multiple tips 2228 on each spring metal finger 
2220. Such in-plane tips can be formed using the spring 
metal mask (e.g., mask 230; see Fig. 1). Multiple tips 2228 
increase the conductivity of small area contacts through 
parallelism, as well as increase the chance of making contact 
through redundancy. The formation of plated metal 2230 on 
multiple tips 2228 is prevented using the methods described 
above . 

[0082] Figs. 23(A) through 23(D) are cross-sectional side 

views showing a method for forming an out-of -plane tip 2321 
on a spring probe 2300. Out-of -plane tip 2321 is formed by 
etching a sharp pit 2306 into substrate 101 (Fig. 23(A)), 
which is accomplished with wet chemical etching of silicon 
along selective crystal planes. Release material layer 2340 
is then deposit on substrate 101 such that it enters pit 2306 
(Fig. 23(B)). Spring metal island 2320 is then formed and 
etched according to the methods described above, with a 
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portion of the stressy metal entering the pit to form an out- 
of -plane tip 2321 (Fig. 23(C)). Note that another metal 
(i.e., other than the stressy metal) can be placed into the 
pit to form out-of -plane tip 2321.. Finally, spring metal 
finger 2320 is released in a manner similar to that described 
above such that out-of -plane tip 2321 is pulled from pit 2306 
and is oriented upward (away from substrate 101) , as 
indicated in Fig. 23(D) . Although single sided plated layer 
2330 is depicted in Fig. 23(D), out-of -plane tips can be 
utilized with any of the two-sided plating processes 
described above . 

[0083] Out-of -plane tips are an alternative to in-plane 

tips that allow a higher tip density because multiple rows of 
tips can be fabricated on each spring probe. The challenge 
for two-dimensional arrays of tips is to . geometrically 
approach the contact pad so that all tips can make contact. 
One approach to doing this is to fabricate the out of plane 
tips through spring metal deposition in an etched pit, and 
then use stressy metal to bend the tip back so that the two- 
dimensional array of tips is parallel to the contact pad, as 
depicted in Fig. 24. The back bending structure can be 
plated for stiffness, and provides long curves for 
distributing stress and preventing fracture. 

[0084] Although the present invention has been described 

with respect to certain specific embodiments, it will be 
clear to those skilled in the art that the inventive features 
of the present invention are applicable to other embodiments 
as well, all of which are intended to fall within the scope 
of the present invention. For example, although the present 
invention is specifically directed to plating formed on 
spring metal structures, plating may also be formed on non- 
metal spring structures (e.g., using a bilayer of oxide and 
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silicon or Ga-As covered by a metal seed layer) using, for 
example, electroless plating techniques. Moreover, although 
the present invention is specifically directed to sputtered 
stress-engineered spring metal materials, the spring 
structures may also be stress-engineered utilizing other 
techniques. Moreover, although the present invention 
describes spring structures that bend away from an underlying 
substrate, the present invention may also be utilized in 
spring structures in which the tensile/compressive stress 
gradient is reversed, causing the released spring structure 
to bend toward the substrate (e.g., into a trench formed in 
the substrate) . 
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